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1. Introduction

Macroprudential policy has substantially gained in importance in
advanced economies over the past two decades. In particular, the
Global Financial Crisis of 2007-08 highlighted the need for a holistic
macroprudential approach to financial regulation, aimed at increas-
ing the shock absorption capacity of the financial system and miti-
gating the buildup of systemic risk (International Monetary Fund
2018). An important class of widely used macroprudential pol-
icy instruments are the so-called capital-based measures. They are
mostly imposed on banks and comprise the regulation of capital
and leverage ratios, loan loss provisioning, as well as the regulatory
risk weights assigned to different asset classes. Although experience
with capital-based macroprudential measures is limited and an aca-
demic consensus about their transmission and effectiveness has not
yet been reached, several theoretical and empirical studies suggest
that these tools do indeed contribute to achieving financial stability
objectives

However, there are concerns that macroprudential capital regula-
tion has the unintended side effect of encouraging banks to increase
their exposure to domestic sovereign debt, which reinforces the inter-
connectedness between them and their sovereigns, referred to as the
sovereign-bank nezus (Altavilla, Pagano, and Simonelli 2017). This
could undermine financial stability (International Monetary Fund
2014, 2018; Basel Committee on Banking Supervision 2017). In par-
ticular, the regulatory framework assigns sovereign bonds a favorable
treatment reflected by a risk weight of zero3 Thus, banks are allowed
to increase their government bond portfolios without raising their
tier 1 capital, which is an example of regulatory arbitrage (Acharya
and Steffen 2015)J

!See Claessens (2015), Cerutti, Claessens, and Laeven (2017), and Galati and
Moessner (2018) for a literature survey.

2See Basel Committee on Banking Supervision (2017) and European Systemic
Risk Board (2019b) for a detailed description of the legal framework.

3The euro area represents a special case, as the favorable regulatory treatment
of sovereign debt applies symmetrically to the government bonds issued by any
member state. Despite this symmetry, however, the government bond portfolios
of euro-area banks exhibit substantial home bias.
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In this study, we examine how changes in macroprudential capital
regulation in the euro area affect banks’ holdings of domestic govern-
ment debt, thereby strengthening or weakening the sovereign-bank
nexus. The nexus is widely viewed as one of the most important
amplifiers of the European debt crisis in 2010-12, as it gave rise
to doom loops of mutually reinforcing deteriorations in the sover-
eign’s creditworthiness and solidity of the domestic banking sector
(Acharya, Dreschler, and Schnabl 2014; Brunnermeier et al. 2016;
Dell’Ariccia et al. 2018; Farhi and Tirole 2018). Given the endur-
ing substantial exposure of euro-area banks to domestic government
securities, the nexus is still a challenge to financial stability in the
European Monetary Union (EMU) and beyond, which has been rein-
forced recently by the COVID-19-related surge in public debt (ESRB
2019b; IMF 2019; European Central Bank 2020).

Against this background, we estimate panel vector autoregres-
sive (VAR) models for euro-area member countries to examine
the response of banks’ domestic sovereign bond holdings to shocks
reflecting a tightening in the unsystematic component of capital-
based macroprudential policy. The analysis covers the period from
2005:QQ1 to 2018:Q4. We construct an indicator to measure changes
in macroprudential capital regulation based on the Macropruden-
tial Policy Evaluation Database (MaPPED) developed by Budnik
and Kleibl (2018) for member countries of the European Union
(EU), which contains detailed information on the regulatory policy
measures implemented.

We divide the euro-area countries into two groups, core countries
and peripheral countries, to take into account the heterogeneities in
economic development observed after the Global Financial Crisis.
Our main findings suggest that banks’ exposure to domestic sover-
eign debt responds significantly to changes in the unsystematic com-
ponent of capital-based macroprudential policy. However, there is a
noticeable dichotomy between the two groups of countries. In periph-
eral countries, banks react to a restrictive capital-based macropru-
dential policy shock by increasing the balance sheet share of domestic
government bonds. In contrast, in core countries, the reaction is the
opposite. Therefore, unsystematic shifts in capital-based regulation
tend to strengthen the sovereign-bank nexus in the periphery, but
weaken it in the core. We discuss the theoretical rationales for our
results, relying on the capital buffer theory.
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In addition, we estimate state-dependent impulse responses for
the two country groups, which shows that differences in capital posi-
tions can explain our findings. In a battery of robustness checks, we
find that the results are robust to explicitly controlling for monetary
policy, changes in the econometric setup, and alternative macropru-
dential policy indicators.

Our analysis does not evaluate the overall effectiveness of macro-
prudential capital regulation. In fact, we also document that the
latter successfully contributes to increasing banks’ loss-absorption
capacity for any given shock size. However, our main findings show
that, in parts of the EMU, shifts in the unsystematic part of capital-
based policy might increase banks’ exposure to sovereign debt, which
promotes a risk to financial stability that might materialize in the
future.

The main contributions of our analysis are twofold. First, to
the best of our knowledge, we are the first to explore the effects
of macroprudential policy shocks on the sovereign-bank nexus from
an explicit macroeconomic perspective. This allows us to capture
important aggregate level interlinkages between banks’ behavior and
the rest of the economy. By contrast, as we explain below, the closely
related contributions, also dealing with the relationship between
macroprudential regulation and the nexus, are purely microecono-
metric in nature, and in some cases derive their conclusions from a
single regulatory event (Acharya, Engle, and Pierret 2014; Acharya
and Steffen 2015; Bonner 2016; Gropp et al. 2019). These studies
have the advantage of exploiting the rich information revealed by
bank-level panels but abstract from investigating potential dynamic
macroeconomic feedback effects. Our time-series approach allows us
to capture general-equilibrium effects and thus to address the “miss-
ing intercept problem” (Buera, Kaboski, and Townsend 2023; Wolf
2023). Furthermore, we explore the average effects of various macro-
prudential measures over the period 2005-18, instead of looking at
a single event.

The remainder of this study is organized as follows. Section 2
provides an overview of the related literature. Section 3 discusses
our benchmark panel VAR model, the data, and the strategy to
identify the unsystematic component of capital-based macropruden-
tial policy. Section 4 describes the construction of our macropru-
dential policy indicator. Section 5 presents our main results and
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discusses possible theoretical explanations. Section 6 presents var-
ious robustness checks. Finally, Section 7 provides concluding
remarks.

2. Related Literature

Our study is most closely related to the contributions of Acharya,
Engle, and Pierret (2014), Acharya and Steffen (2015), Bonner
(2016), and Gropp et al. (2019), who use bank-level data and micro-
econometric tools to investigate the effects of macroprudential policy
on banks’ demand for sovereign bonds. Acharya, Engle, and Pierret
(2014) and Gropp et al. (2019) analyze the results of the European
Banking Authority (EBA) stress tests on large European banks in
2011. Acharya, Engle, and Pierret (2014) conclude that the way
the weights are assigned has provided perverse incentives to build
up exposures to low-risk-weight assets such as domestic sovereign
bonds. Gropp et al. (2019) find that banks confronted with higher
capital requirements increased their sovereign exposures relative to
other banks. Focusing on the Netherlands, Bonner (2016) shows that
the revision of regulations regarding liquidity and capital require-
ments in 2011 caused Dutch banks to increase their demand for
government bonds beyond their internal risk management targets,
while reducing their holdings of other bonds. Acharya and Steffen
(2015) show that, in the period 2010-12, European banks with a
relatively low tier 1 capital ratio had a stronger incentive, rela-
tive to their better capitalized counterparts, to increase their return
on equity by investing in the bonds issued by the governments of
Greece, Ireland, Italy, Portugal, and Spain, as these bonds offered
high yields but were subject to zero regulatory risk weights. We
differ from these analyses by adopting a purely macroeconomic per-
spective. Moreover, we explore the average effects of a broad set of
capital-based macroprudential policy measures over a longer period
instead of focusing on a particular event.

Our paper also fits into a broader literature exploring the poten-
tial determinants of the sovereign-bank nexus. In particular, banks
might be exposed to moral suasion, that is, pressure from the gov-
ernment on banks to invest more in domestic public debt (Altavilla,
Pagano, and Simonelli 2017; Becker and Ivashina 2018; Dell’Ariccia
et al. 2018; Ongena, Popov, and van Horen 2019). Moreover, banks
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are often unrewarded for holding a balanced sovereign portfolio, as
rating agencies tend not to rate them above their sovereign in any
case (Bilbiie, Monacelli, and Perotti 2021). Several studies have also
shown that unconventional monetary policy interventions incentivize
banks in some euro-area countries to hold more domestic public
debt (Acharya and Steffen 2015; Crosignani, Faria-e Castro, and
Fonseca 2020; Carpinelli and Crosignani 2021; Hristov, Hiilsewig,
and Scharler 2021; Peydré, Polo, and Sette 2021), for example by
reinforcing the tendency toward gambling for resurrection (Drechsler
et al. 2016). Euro-area banks also seem to increase their exposure
to domestic sovereign bonds in response to a rise in the perceived
solvency risk of the government (Battistini, Pagano, and Simonelli
2014). Furthermore, sovereign securities are held for the purpose
of liquidity management as well as being a source of collateral and
returns (Dell’Ariccia et al. 2018). We contribute to this literature by
considering the effects of macroprudential policy on the sovereign-
bank nexus.

From a methodological perspective, our work is also related to
several contributions that use macroeconomic data and similar time-
series techniques to analyze the transmission of shocks on banks’
capital ratio or unexpected changes in capital regulation (Berrospide
and Edge 2010; Behn, Gross, and Peltonen 2016; Gross, Kok, and
Zochowski 2016; Noss and Toffano 2016; Meeks 2017; Eickmeier,
Kolb, and Prieto 2018; Kanngiesser et al. 2020; Budnik and Riinstler
2023). The majority of these studies find that a shock pushing the
actual or regulatory capital ratio upward, or the buffer downward, is
associated with a significant decline in lending growth and economic
activity in the short runf However, unlike our analysis, all these
papers are silent about the possible effects of the shock on banks’
exposure to domestic sovereign debt [

“Exceptions are Berrospide and Edge (2010), who find the opposite for the
U.S., and Gross, Kok, and Zochowski (2016), where three different types of
capital-ratio shocks are considered, each leading to different responses of lending
and real activity.

5There are numerous other studies that empirically examine the effectiveness
of different types of macroprudential instruments and their channels of transmis-
sion, however, without considering any potential effects on the sovereign-bank
nexus. See Bakker et al. (2012), Claessens, Ghosh, and Mihet (2013), Crowe et
al. (2013), Maddaloni and Peydré (2013), Acharya, Engle, and Pierret (2014),
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3. Methodology and Data

3.1  Empirical Model

We use a panel VAR model in reduced form:

p
Ykt = Y Bitka—j + ck + en, (1)
i=1

where y;, ; is a vector of endogenous variables for country k, B; is a
matrix of autoregressive coefficients for lag j, p is the number of lags,
cx 18 a vector of country-specific intercepts that account for possible
heterogeneity across the units, and €, is a vector of reduced-form
residuals. We refer to a policymakers’ macroprudential reaction func-
tion regarding the selection of endogenous variables. Specifically, our
baseline model includes five variables: (i) an indicator of capital-based
macroprudential policy measures, hereafter denoted as MPI, (ii) the
banks’ domestic government bond holdings ratio, which serves as an
indicator for the sovereign-bank nexus, (iii) the credit-to-GDP gap,
(iv) a lending spread, and (v) an indicator of financial stress.

For every element of y ;, we use a pooled set of M -T" observa-
tions, where M denotes the number of countries and 7" the number of
observations. For each cross-sectional unit, the reduced-form resid-
uals are assumed to be normally distributed with a homogeneous
variance-covariance matrix 3, that is, e ¢+ ~ N (0,X). After stacking
€kt into a vector &; = [} ;... €Y, ,]"; we obtain &, ~ N(0, Iy ® ¥),
where I is an identity matrix of dimension M.

Following Ciccarelli, Maddaloni, and Peydré (2015), we adopt
panel techniques. We consider two country groups, that is, the
peripheral countries including Ireland, Italy, Portugal, and Spain,
and core countries comprising Austria, Belgium, Finland, France,
Germany, and the Netherlands. Estimating panel models allows us

Bridges et al. (2014), Vandenbussche, Vogel, and Detragiache (2015), Kuttner
and Shim (2016), Bruno, Shim, and Shin (2017), Cerutti, Claessens, and Laeven
(2017), Jiménez et al. (2017), Kim and Mehrotra (2017, 2018, 2022), Akinci
and Olmstead-Rumsey (2018), Cizel et al. (2019), Richter, Schularick, and Shim
(2019), Budnik (2020), Poghosyan (2020), and Acharya et al. (2022). VanHoose
(2007, 2008), Claessens (2015), and Galati and Moessner (2018) provide compre-
hensive literature surveys.
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to pool the diverse information from the two country groups while
controlling for heterogeneity across the units by considering country-
specific fixed effects. One main advantage of this approach is that it
increases the efficiency of statistical inference. Every panel model is
estimated for the period from 2005:Q1 to 2018:Q4

Our variable selection is based on the notion that, for the
purpose of safeguarding financial stability, macroprudential pol-
icy is supposed to react to potentially undesirable developments
in indebtedness, financial conditions, and the likelihood (or even
materialization) of financial stress[] In particular, positive values of
the credit-to-GDP gap can be interpreted as indicating excessive,
potentially unsustainable credit expansion, which is a frequent pre-
cursor of crises. Drehmann, Borio, and Tsatsaronis (2011), Gour-
inchas and Obstfeld (2012), Jorda, Schularick, and Taylor (2013),
and Drehmann and Juselius (2014) document the gap’s excellent
properties as a financial-crisis predictor{d Moreover, the credit-to-
GDP gap is an integral part of policymakers’ decisions regarding
adjustments of the countercyclical capital buffer (CCyB) and is the
only indicator explicitly incorporated into CCyB legislation in the
euro-area countries (BCBS 2010). Low credit spreads might indicate
excessive risk appetite, which in turn might bring about misalloca-
tions of credit and thus higher financial fragility (IMF 2019; ESRB
2021). Krishnamurthy and Muir (2017) show that normalized credit
spreads—defined as the difference between high-yield and low-yield
corporate bonds—have significant predictive power regarding finan-
cial crises. Lopez-Salido, Stein, and Zakrajsek (2017) discuss the

S0ur set of countries comprises all EMU founding members with the excep-
tion of Luxembourg, which is not included due to its small size. As Greece joined
the monetary union in 2001, it would also have been a possible candidate for our
analysis over the sample period 2005:Q1-2018:Q4. However, we exclude Greece
because it received external funding during the course of the European sover-
eign debt crisis, that is from May 2010 and thereafter, mainly through euro-area
financial aid programs. Public borrowing through capital markets was severely
restricted, while capital controls were put in place at the same time. This likely
distorts the effects of macroprudential regulation on the sovereign-bank nexus in
our sample period.

"See, for example, Angelini, Neri, and Panetta (2014), Benes and Kumhof
(2015), and Boar et al. (2017) as well as ESRB (2019a, 2021, 2022) and ECB
(2022).

8Using the credit-to-GDP measures proposed by Hamilton and Leff (2020)
instead of the Basel gap has no effect on our results. See Section 6 for a discussion.
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predictive power of spreads regarding economic downturns. Elevated
levels of financial stress might incentivize policymakers to release
some capital buffers or at least postpone further macroprudential
tightenings in an attempt to attenuate a potential contraction in
credit supply (ESRB 2021). However, as suggested by Adrian et al.
(2022), a prolonged spell of compressed financial stress might also
signal the gradual buildup of financial vulnerabilities which might
increase downside risks for the economy in the medium run. There
is also another reason why it appears important to control for finan-
cial stress in the current context. In times of financial turbulence,
banks—especially distressed ones—might increase their holdings of
domestic sovereign bonds due to moral suasion by national gov-
ernments or incentives to engage in carry trades or gambling for
resurrection.

Clearly, there is a plethora of other indicators which might
potentially also shape macroprudential policy decisions. However,
to maintain sufficient degrees of freedom, we choose a parsimonious
specification for our baseline VAR which nevertheless includes the
most prominent variables considered in the pursuit of financial sta-
bility. In Section 6.3, we extend the VAR by including additional
indicators reflecting asset price developments, sovereign yields, and
financial conditions] Finally, the period we consider largely coin-
cides with an episode characterized by a series of unconventional
monetary policy measures in the euro area and an associated sub-
stantial expansion of the ECB’s balance sheet. As shown by Hristov,
Hiilsewig, and Scharler (2021), these nonstandard interventions also
affect the sovereign-bank nexus. In Section 6.2, we explicitly include
indicators of monetary policy in the VAR and assess the robustness
of our baseline results.

In estimating separate panel VAR models for the two country
groups, we allow for possible structural heterogeneities across enti-
ties. Such heterogeneities appear a priori likely given the differences
in economic development before and after the Global Financial Cri-
sis. All countries in the euro area fell into recession because of the

9Moreover, we extend the VAR model by including additional macroeconomic
variables, that is, real output and the gross domestic product (GDP) deflator.
See Appendix B.1 for the results.
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Global Financial Crisis. However, in peripheral countries, the eco-
nomic slack was more pronounced because of a substantial loss of
international price competitiveness, a deterioration of the banking
sector’s health, and a strong increase in private or public debt.
In addition, sovereigns in peripheral countries faced difficulties in
tapping international capital markets during the European sover-
eign debt crisis, which arose between 2010 and 2013, leading to
extraordinary fiscal distress. As explained in the Introduction, the
unfavorable situation was likely exacerbated by the emergence of
doom loops due to the sovereign-bank nexus. Consequently, Ireland,
Italy, Portugal, and Spain were forced to adopt substantial cyclical
and structural adjustments in fiscal policy and launch far-reaching
structural reforms in goods and labor markets. In contrast, core
countries faced comparatively moderate recessions, benefited from
their safe-haven status, and were not forced to undertake noteworthy
structural reforms.

3.2 Data

The credit-to-GDP gap is provided by the Bank for International
Settlements (BIS) based in Basel, and is therefore also referred to
as the Basel gap. It is defined as the trend deviation of the ratio of
total credit to the nonfinancial private sector to GDP. The trend is
obtained using a one-sided Hodrick-Prescott filter with a smoothing
parameter of 400,000

The remaining macroeconomic data are obtained from the ECB
and collected on a quarterly basis[l] The lending spread is calcu-
lated as the difference between the loan rate and the three-month
EURIBOR (euro-area interbank offered rate), where the loan rate
is derived as the volume-weighted average of the loan rate on loans
extended to nonfinancial corporations and the loan rate on mort-
gage loans. The Country-Level Index of Financial Stress (CLIFS)
is used as an indicator of financial market tension. Finally, we con-
sider the share of banks’ capital position, total loans, and foreign
government bond holdings to total assets. The series are transformed
from monthly to quarterly frequencies where necessary.

10The definition of the credit-to-GDP gap is the one proposed by Drehmann,
Borio, and Tsatsaronis (2011) and Drehmann and Juselius (2014), among others.
11See Appendix A for a detailed description of the data.
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The MPI is derived from the Macroprudential Policy Evaluation
Database. Its construction is explained below. Finally, note that we
consider the period from 2005:Q1 to 2018:Q4, since the implementa-
tion of macroprudential policy measures was substantially more lim-
ited before 2005, and the macroprudential database did not extend
beyond the end of 201812

3.3 Identification of Structural Macroprudential Policy Shocks

We estimate the panel VAR model (1) with Bayesian methods using
a normal-Wishart prior for the parameters. Inference is based on
10,000 draws from the corresponding posterior distribution. We set
the lag order to four, that is, p = 4, which accounts for possi-
ble delays in the interaction between the macroeconomic variables
and macroprudential policy. Based on the outcome of the esti-
mated model, we generate impulse responses of the variables to the
structural shocks n; = [1] ;... ,) s where ni; ~ N(0,Ix) and
e ~ N(0,In.pr). The relationship between Nk,¢ and the reduced-
form residuals is governed by er; = Aonk,:, which holds for each
cross-sectional unit k = {1,..., M} and ¥ = ApAj.

We identify a structural shock related to macroprudential pol-
icy by imposing a recursive ordering on yj, ;. This is implemented by
assuming that the matrix Ay corresponds to the lower triangular ele-
ment in the Cholesky factorization of the variance-covariance matrix
3 of ;. The MPI is ordered first and the corresponding orthogonal
disturbance is interpreted as capturing the unsystematic/exogenous
component of macroprudential policy. The ordering implies that the
latter reacts only to its own shock on impact, while responding to all
other shocks with a lag of at least one quarter. This identification
scheme is guided by the observation that macroprudential policy,
unlike monetary policy, tends to be rather slow-moving. In partic-
ular, the adjustment of macroprudential instruments suffers from
substantial inaction bias and implementation lags. Various factors
contribute to this delayed responsiveness. Firstly, political-economic
constraints, such as the costs of prudential interventions, are felt

12Note that due to limited sample size, we cannot undertake subsample analy-
sis. However, we show robustness of our results to different starting dates of our
sample in Section 6.4.
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immediately, while the potential benefits only appear in the long run
(Arslan and Upper 2017). Secondly, the final objective of financial
stability is barely quantifiable because the available tools to proxy
the financial cycle or systemic risk are still underdeveloped (see, e.g.,
Lim et al. 2011, Knot 2014; Arslan and Upper 2017; Dagher 2018;
Edge and Liang 2020, 2022). Thirdly, in many countries multiple
institutions are simultaneously responsible for prudential regulation,
which might protract the decision-making process, particularly if the
responsible bodies meet infrequently (Edge and Liang 2020, 2022).
Finally, the adjustment of many macroprudential instruments, espe-
cially capital-based instruments, is preceded by a phase-in period
of several quarters. Nevertheless, we check the robustness of our
results to alternative Cholesky orderings, thus allowing macropru-
dential policy to react on impact to more or even all shocks hitting
the system.

4. Macroprudential Policy Indicator

4.1  Macroprudential Policy Database

We resort to the Macroprudential Policy Evaluation Database
(MaPPED) provided by Budnik and Kleibl (2018) to measure
changes in macroprudential policy. The database was constructed
by central bank experts in charge of prudential oversight and regu-
lation. The focus is on the EU member states, including the U.K.,
and comprises information on 1,925 policy actions. Relative to other
macroprudential databases, MaPPED has the advantage that each
policy action is given a very detailed description, the latter being
represented by a finite set of items and subitems, which are the
same across policy actions and countries. Of particular importance
is that, for each macroprudential measure, MaPPED tracks the full
set of corresponding policy changes over time, that is, the dates of
announcement, actual implementation, subsequent upward or down-
ward adjustments, and (potential) deactivation. Several other exist-
ing macroprudential databases, while having the clear advantage of
covering a broader set of advanced and emerging economies, either
only contain the date a measure entered into force but are silent
about announcements, and subsequent tightening or loosening, or
only allow for a less detailed and, in some cases, an arguably more
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subjective categorization of each measure[13 Alternatively, the Inte-
grated Macroprudential Policy (iMaPP) database collected by Alam
et al. (2019) also provides a relatively detailed categorization of the
individual measures included. However, regarding the EMU coun-
tries we consider, the number of capital-based policy interventions
in the period before 2013 contained in iMaPP is much smaller than
in MaPPED. As capital-based policy is the main focus of our analy-
sis, we refer to MaPPED in our baseline specification while resorting
to iMaPP in a robustness check (see Appendix B.2).

Table 1 presents descriptive summary statistics from MaPPED
for the euro-area countries in our sample. The numbers refer only
to those policy changes characterized as legally binding. Interven-
tions described as mere recommendation or guidance are excluded,
because, in our view, they are less likely to induce changes in eco-
nomic behavior. The table further covers only the policy actions
classified as either tightening or loosening. The remaining actions,
described as unspecified or with an ambiguous impact, are discarded.

Regarding our two country groups, core and periphery, we clas-
sify the different types of policy changes into four broader categories.
Capital based covers the policy changes 1-4 which are directly related
to the balance sheets of financial institutions (predominantly banks).
Borrower based, corresponding to policy measure 5, denotes inter-
ventions affecting the credit standards applied by banks. Liquidity
corresponds to policy measure 6 and covers policy actions affect-
ing the liquidity position of banks as well as maturity and currency
mismatches. Other comprises levies and taxes on financial institu-
tions, limits to exposures and concentrations, and other measures.
Finally, rows 10, 11, and 12 show the sum of all capital-based and
non-capital-based policy actions, respectively.

The majority of interventions belong to the class of capital-based
measures. As revealed by column b.1 in Table 1, in core countries
the share of these measures in all interventions amounts to 46.2 per-
cent, while in peripheral countries the share is 67.1 percent. The
most frequently changed capital-based measures are adjustments to
minimum capital requirements, followed by changes in risk weights
and capital buffers; see rows 3, 4, and 1. In contrast, the shares of

13See the macroprudential databases used by Lim et al. (2011), Kuttner and
Shim (2016), and Cerutti et al. (2017) for an example.
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measures characterized as borrower-based, liquidity requirements,
levies/taxes and limits to exposures are much smaller; see rows 5-8.
Irrespective of their type, the bulk of policy actions are tightening
measures; see columns c.1 and c.2.

Overall, Table 1 reveals the substantial diversity of different types
of macroprudential measures. Some of them operate on the asset side
of financial institutions (e.g., “risk weights” or “limits on exposures
and concentration”) whereas others directly target the liability side
(e.g., “capital buffers” and “minimum capital requirements”). The
majority of borrower-based instruments affect banks’ balance sheets
only indirectly, whereas most other measures exert a direct effect.
Some measures operate on flows or transactions (e.g., many finan-
cial taxes) while others impose restrictions on stocks. Accordingly,
the different types of macroprudential policy interventions might
be transmitted differently through the financial system and poten-
tially have different consequences for banks’ sovereign exposures.
Ideally, one would assess the potential effects of each individual
measure type, that is, 1-9, separately. Unfortunately, this would ren-
der econometric analysis infeasible, as the number of policy actions
within each measure type is very small. This could increase estima-
tion uncertainty and potentially bias the results because of insuffi-
cient variation in the macroprudential policy variables over time and
across countries.

Considering the heterogeneity of instruments and the aforemen-
tioned potential econometric problems, we decided to focus our sub-
sequent analysis on the class of “capital-based” measures, which
aggregate over instrument types 1-4. This appears warranted, as
these measure types, while not homogeneous, exhibit the simi-
larity of directly affecting banks’ regulatory capital requirement.
Consequently, our estimates presented in the following reflect the
transmission of unsystematic shifts in (shocks to) the average
capital-based policy instrument rather than in any of the individ-
ual instrument types 144 m contrast, the remaining non-capital-
based macroprudential measures, that is, 5-9, appear too diverse to
be meaningfully bundled.

11 Section 6.1, we show that our results do not depend on any of the subcat-
egories 1-4.
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4.2 Construction of the Capital-Based Macroprudential
Policy Indicator

We follow the majority of existing studies and construct MPI as a
discrete “dummy-type” indicator based on the capital-based policy
changes In particular, the indicator comprises adjustments in the
MaPPED categories (i) “capital buffers,” (ii) “loan-loss provision-
ing,” (iii) “minimum capital requirements,” and (iv) “risk weights”
(see Table 1) We assign each individual policy change a value
of +1 if it was a tightening, a value of -1 if it was a loosen-
ing, and zero if the intervention is characterized as “unspecified
or with ambiguous impact.” In case a country reports more than
one policy change in a particular quarter, the associated discrete
values are simply added up to arrive at the period-specific policy
change indicator PolChangey, ; for country k and period [ 1n peri-
ods without capital-based macroprudential policy changes, we have
PolChangey, + = 0. Next, given PolChangey, ;, we construct MPI for
country k as the cumulative sum of PolChangey, ;:

j=t
MPIy, = MPI 1 + PolChangey+ = ZPolChangekyj.
§=0

The resulting country-specific cumulative M PI ;s are shown in
Figure 1 along with the number of tightening and loosening mea-
sures. M PI ; implies that each capital-based policy change has a
potentially permanent effect on the indicator. In other words, after
a policy tightening, the MPI remains higher until the policy change

!5See Claessens, Ghosh, and Mihet (2013), Kuttner and Shim (2016), Boar et
al. (2017), Bruno, Shim, and Shin (2017), Cerutti, Claessens, and Laeven (2017),
Akinci and Olmstead-Rumsey (2018), Altunbas, Binici, and Gambacorta (2018),
Gambacorta and Murcia (2019), and Poghosyan (2020), among others.

There is an additional category that might be considered here, “leverage-
ratio restrictions.” However, for the countries in our sample, MaPPED does not
include changes in the regulation of banks’ leverage ratios which are classified as
either tightening or loosening in this category.

'7Several interventions simultaneously contain a tightening and loosening ele-
ment, as when risk weights are increased for a particular loan type, but loos-
ened for others. For example, the Netherlands reported four tightenings and one
loosening in 2014:Q1. Thus, the policy change indicator for this period is 4—1 = 3.
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is reversed or compensated for by the loosening of another capital-
based instrument. Accordingly, the cumulative MPI is more suitable
for reflecting the evolution of the overall tightness of capital-related
macroprudential policy rather than the time series of period-by-
period policy changes PolChangey, ; (Akinci and Olmstead-Rumsey
2018; Meuleman and Vander Vennet 2020).

An important property of our MPI is that it implies a fully equiv-
alent treatment of capital-based policy actions across types and mag-
nitudes. We do not attempt to capture the (possibly time-varying)
intensity of a measure or weigh measures based on the degree of their
bindingness. Accordingly, dummy-type MPI only reflects the exten-
sive margin of capital-based interventions, that is, their frequency
and direction, but not their intensive margin. Ideally, one would
like to measure the intensity of these policies. However, it is not
straightforward to obtain a fully quantitative policy indicator due
to the limited comparability across countries and across measures
(Kuttner and Shim 2016; Cerutti et al. 2017; Akinci and Olmstead-
Rumsey 2018; Alam et al. 2019) In the face of this issue and given
our objective of analyzing a panel of euro-area economies, we restrict
our analysis to the dummy-type indicator which, notwithstanding
its limitations, allows for a sufficient degree of comparability across
countries.

However, as pointed out by Akinci and Olmstead-Rumsey (2018),
the use of a dummy-type MPI generates an attenuation bias for the
coefficient estimates on the indicator['9 Accordingly, our results pre-
sented below should be viewed as conservative, being biased toward a
lower likelihood of finding a significant relationship between changes
in capital-based macroprudential regulation and other macroeco-
nomic variables.

8In particular, due to differences between the national legal frameworks, even
seemingly similar capital-based measures are often implemented differently and
applied to different objects (e.g., specific types of loans) across jurisdictions. The
same holds within a given country.

¥The attenuation bias stems from measurement error, as the indicator is
an imperfect measure of the strength of macroprudential regulation. This mea-
surement error worsens if one cannot perfectly distinguish between binding and
nonbinding measures, as is the case here.
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5. Results

5.1 Impulse Responses to Macroprudential Policy Shocks

For the two country groups, Figure 2 summarizes the impulse
responses of the variables in the baseline model to a shock that
reflects an unexpected tightening of macroprudential capital regu-
lation. The responses of the peripheral countries are shown in the
top row, those of the core countries in the bottom row. The median
impulse responses are depicted by the dashed lines. The shaded areas
indicate the 68 percent credibility bound.

In both country groups, the Basel gap displays a significant and
persistent decline after a limited short-lived rise. Given that the
credit-to-GDP gap is widely viewed as an indicator of systemic finan-
cial vulnerability, our result suggests that a sudden tightening in
capital-based macroprudential policy is effective in reducing exces-
sive leverage in the nonfinancial private sector and, thus, systemic
risk. The lending spread, that is, the spread between the loan rate
and the three-month EURIBOR, tends to increase after the macro-
prudential impulse. In core countries, the change is significant. The
reactions of the Basel gap and lending spread indicate the presence
of adverse loan supply effects (Altavilla, Darracq Paries, and Nico-
letti 2019). In addition, in peripheral countries, the level of financial
stress increases significantly in the short run. In core countries, on
the other hand, financial stress falls below average values in the
longer term.

Next, we turn to the main focus of our analysis, that is, the
response of the share of domestic government bonds in banks’ port-
folios to unsystematic changes in capital-based macroprudential pol-
icy. We observe a notable difference between the two groups of
countries. In peripheral countries, banks increase their exposure to
domestic government debt. The domestic government bond hold-
ings ratio rises significantly after the innovation. This suggests
that banks’ interconnectedness with their sovereign, that is, the
sovereign-bank nexus, strengthens following a tightening in capital-
based measures. In contrast, in core countries, the share of domes-
tic government bonds exhibits a significant drop, thus indicating a
weakening of the nexus.
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Overall, the results suggest that the quantitative effects of a
shock to macroprudential capital regulation are not negligible. An
average tightening in the MPI reduces the credit-to-GDP gap in
peripheral countries by more than 2 percentage points (pp) after
three years. Moreover, the shock leads to an increase in the domes-
tic government bond share peaking at 0.12 pp after around three
years. In core countries, the responses of the credit-to-GDP gap
and the share of domestic government bonds are more moderate.
The former variable falls by approximately 0.5 pp and the latter by
around 0.04 pp after around one year. Given that the MPI amalga-
mates the capital-based regulatory changes of different varieties and
across different countries, our estimates correspond to the effects
of the average capital-based macroprudential measure, where the
averaging is across different measure types of potentially different
magnitudes. Accordingly, it is difficult to interpret the quantitative
effects of a restrictive shock to capital regulation precisely. There-
fore, in the following, we focus on the qualitative effects of capital-
based macroprudential regulation, while noting that the quantitative
effects appear economically significant.

Adjustment of Other Bank Balance Sheet Positions. We
now examine the responses of other bank balance sheet items to
a restrictive capital-based regulatory shock. In particular, we esti-
mate modified versions of our panel VAR model, each time replacing
banks’ domestic sovereign bond holdings ratio with either the capital
ratio, the ratio of loans to total assets, or the ratio of nondomestic
government bonds.

As revealed by the first two plots for each country group in Figure
3, the banks’ capital ratio rises in response to an unsystematic tight-
ening of capital-based macroprudential policy. This indicates that
such policy interventions tend to be effective not only in reducing
systemic financial vulnerability as proxied by the Basel gap but also
in increasing the loss-absorption capacity due to a higher capital
ratio. Thus, the banking sector’s resilience is strengthened.

Moreover, the second column of Figure 3 shows that banks’ loan
volume in peripheral countries declines relative to total assets after
a shock to capital-based macroprudential policy. By contrast, in core
countries, the corresponding ratio increases, albeit after a short-lived
initial decline. The response of the nondomestic sovereign bond hold-
ing ratio also differs across the two country groups. In peripheral
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Figure 3. Response of Banks’ Balance Sheet
Items to a Macroprudential Policy Shock

A. Peripheral Countries
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Note: Median impulse responses are depicted by the dashed lines. The shaded
areas represent the 16th and 84th percentiles of the posterior distribution. All
responses in percentage points.

countries, it increases significantly, while in core countries it falls, if
at all. Hence, our findings suggest that peripheral banks adjust their
portfolios broadly toward a higher holding of government bonds, that
is, domestic sovereign bonds as well as foreign sovereign bonds.

5.2 Theoretical Explanations

What might explain the different reactions across country groups
to unsystematic changes in macroprudential policy? At first glance,
the adjustments taking place in peripheral countries seem unsurpris-
ing, i.e., if the ability of banks to improve their regulatory capital
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position by issuing equity or via retained earnings is limited, a tight-
ening of capital-based regulatory instruments might force them to
shift their portfolios toward assets with lower risk weights, such as
sovereign bonds. As noted in the Introduction, this is the concern
raised by many observers regarding the possible unintended effect of
macroprudential regulation on the sovereign-bank nexus. However,
this is only one possible explanation, as the existing theoretical and
empirical literature on the risk-shifting effects of capital regulation
draws a more nuanced picture (VanHoose 2007; Galati and Moessner
2018). In the following, we discuss the capital buffer theory, which
might contribute to explaining our ﬁndings

According to the capital buffer theory, banks choose their cap-
ital ratio optimally. The buffer corresponds to the capital held in
excess of the regulatory requirement (Buser, Chen, and Kane 1981;
Marcus 1984; Calomiris and Kahn 1991; Calem and Rob 1999).
Banks face the trade-off between holding a higher capital buffer
to reduce the probability of violating the minimum requirement
and incurring higher costs, as capital is more costly than insured
deposits. In the face of tightening capital requirements, banks with
high capital buffers aim to maintain their buffers by increasing both
their capital and portfolio riskiness. In contrast, banks with low
buffers tend to rebuild their buffers by reducing the riskiness of their
asset portfolios while simultaneously attempting to raise capital by
issuing equity or retained earnings. Several studies provide empiri-
cal evidence in support of such behavioral patterns (see Rime 2001
for Switzerland; Heid, Porath, and Stolz 2004 for German savings
banks; and Shrieves and Dahl 1992 as well as Jokipii and Milne 2011
for the U.S.)P]

20There are several reasons why the theoretical explanation should be viewed
as purely suggestive. First, none of the models considered exactly matches our
research question and analysis. Second, we cannot test the underlying assump-
tions within our framework. Third, a large part of the theoretical results are
based on partial-equilibrium models. As acknowledged in the corresponding stud-
ies, these results only provide rough tendencies about what might be observed
at the macroeconomic level, that is, for the banking sector as a whole. Similar
qualifications are warranted regarding the related empirical evidence discussed
below, since existing studies do not cover the same set of countries and resort to
microeconometric data and techniques.

2'Furthermore, based on data covering 251 banks in 36 countries, Gonzalez
(2005) finds evidence indicating that tightening capital-related regulation
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According to the capital buffer theory, our empirical results
presented in Figures 2 and 3 would be observed if banks’ excess
buffers tended to be elevated in core countries and relatively smaller
in peripheral countries. In this case, core countries’ banks would
respond to a tightening of capital-based macroprudential policy by
also increasing the riskiness of their portfolios, that is, by investing
more in risky loans while reducing exposure to safer sovereign bonds.
Banks in peripheral countries would undergo the opposite portfolio
adjustment. Support for this interpretation is provided in Figure 4,
which shows the average regulatory capital ratios (tier 1 and com-
mon equity tier 1) for the two country groups. In core countries,
the two ratios are strictly higher over the period in which data are
available.

5.3 State-Dependent Impulse Responses

Overall, the capital buffer theory suggests that banks’ decisions to
adjust their exposure to domestic sovereign debt in response to a
tightening in macroprudential capital regulation is related to their
capital position. Therefore, in the following, we estimate country-
panel local projections to derive impulse responses which depend
on the capitalization of a country’s aggregate banking sector. The
panel comprises all of the 10 EMU economies in our sample. Accord-
ingly, the corresponding local projections reflect the reactions of the
banking sector in the average euro-area country.
Following Jorda (2005), the panel model is given by

Xit+h =0,MPSy; + ¢, (L) Zit—1 + 1EQk -1
X MPSk s+ apn+ Uk itn, (2)

where the subindex k£ denotes the country, Xj ;45 is the banks’
domestic government bond ratio, M PS}, ; is the exogenous capital-
based macroprudential policy shock, 6}, is the coefficient correspond-
ing to the shock, Zj ;_1 is a vector of control variables, ¢p (L) is a
polynomial in the lag operator, vy, is the coefficient corresponding to

increases banks’ risk-taking incentives by reducing their charter value. More-
over, this effect is significantly stronger in countries with stricter regulations, on
average, since the latter tend to reduce banks’ charter value by more.
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Figure 4. Regulatory Capital Ratios,
Averages for Each Country Group
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of country i’s banks and Zf\il T A, + are banks’ total assets in the corresponding
country group. The length of time series is restricted by data availability.
Source: ECB Statistical Data Warehouse.

the interaction between the shock and previous period’s aggregate
bank capital ratio FQp t—1, o, captures country fixed effects, and
Ug t+5 1s an error term. In accordance with model (1), vector Z com-
prises lags of the credit-to-GDP gap, the lending spread, the CLIFS
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indicator, and the domestic government bond ratio. In addition, we
include lags of the bank capital ratio. The macroprudential policy
shock M PS}, ; is derived from the estimated baseline model (1). The
interaction term vy, EQ,—1 x MPS}, allows us to gauge whether
and how the reactions to the macroprudential policy shock depend
on the bank equity ratio inherited from the past. The lag length
is set to four. In particular, for each country and each period the
shock is calculated as the mean over the 10,000 shock draws for that
country and period The bank capital ratio EQy ;—1 corresponds
to the aggregate ratio of equity to total assets. We use the method
of Driscoll and Kraay (1998) to obtain heteroskedasticity-consistent
standard errors that are robust to very general forms of spatial and
temporal correlations. The maximum autocorrelation lag is set to
H+1.

We distinguish between three values of the bank capital ratio: an
“average” level corresponding to the pooled panel mean, a “high”
level corresponding to two standard deviations above the pooled
mean, and a “low” level corresponding to two standard deviations
below the pooled mean. In the case of an “average” bank capital
ratio, the response of the domestic government bond ratio at time
t + h to an exogenous capital-based macroprudential policy shock
at time t is given by the estimated sequence of coefficients 6y, over
horizons h = 0,1,2,3, ..HP3 In the case of a “high” or a “low”
bank capital ratio in period ¢ — 1, i.e., in the period preceding the
shock, we compute the conditional impulse response for each horizon
h=0,1,2,3,...H, based on Equation (2), as

OXyin
Ilt+h _po- =0 + EQ:— 3
6MPSt ‘EQt_leQ h Yh t—1, ( )

where we condition upon the capital ratio FQ;_1 taking the value
EQ*int—1.

For each of the three cases, the impulse responses together with
the 90 percent confidence bands are depicted in Figure 5, where the

22The structural shocks are standardized to have a mean of zero and a standard
deviation of one.
23n this case, the interaction term in (2) drops out.
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Figure 5. State-Dependent Reaction of Banks’
Domestic Government Bond Share
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Note: Impulse responses of the domestic government bond share are depicted
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The left column shows the response when the bank capital ratio of the previous
period is equal to its pooled mean. The middle column shows the response when
the bank capital ratio of the previous period is above its pooled mean, while
the right column shows the response when the bank capital ratio of the previous
period is below its pooled mean. (P) indicates impulse responses for “periphery,”
(C) for “core.” Responses are in percentage points.

left-hand column corresponds to the “average” case in which FQ;_1
equals its pooled mean. As can be seen, in the average case, the
reaction of the banks’ domestic government bond holdings ratio to
a restrictive macroprudential capital regulation shock is insignifi-
cant. This is not surprising, since in Equation (2) we pool together
two country groups, i.e., core and periphery, which are heteroge-
nous in terms of the responses of the domestic government bond
holdings ratio to the shock (see Section 5.1). However, the mid-
dle column of Figure 5 shows that the response of banks’ domes-
tic government bond share becomes significantly negative when the
capital ratio FQ;_ is sufficiently above its pooled mean. This is
qualitatively similar to our baseline result for the relatively better
capitalized core countries (see Figure 2). By contrast, when EQ;_;
is sufficiently below average, the domestic government bond ratio
rises as revealed by the right-hand panel of Figure 5. This is in line
with the baseline results for the periphery countries (see Figure 2).
We interpret the findings of the local-projection analysis as being
consistent with the capital buffer theory. Moreover, the results sug-
gest that the heterogeneous bank capitalization is one conceivable
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explanation—albeit potentially not the only one—for the hetero-
geneous reactions to macroprudential policy shocks across our two
country groups.

6. Robustness

We assess the robustness of our results by considering several alter-
native model specifications. First, we examine the effects of alter-
native macroprudential policy indicators. Second, we assess whether
our main results are affected by the explicit inclusion of indicators
of monetary policy. Third, we include additional variables, such as
real estate prices, government bond yields, stock market indices, and
others, which are potentially important for macroprudential policy
decision-making and for properly accounting for policy announce-
ments and news. Fourth, we consider alternative sample periods.
Furthermore, in Appendix B.1 we present additional robustness
checks, wherein we perturb our baseline model by considering dif-
ferent identification schemes for the unsystematic part of macro-
prudential policy, detrend the MPI, add yet other control variables,
and vary lags. Moreover, in Appendix B.2 we use the IMF iMaPP
database for the construction of the macroprudential policy indica-
tor as well as adjusted versions of MPI based on MaPPED. Our
main results are qualitatively robust to all these checks and are
quantitatively similar.

6.1 Alternative Macroprudential Policy Indicators

Announcement Effects. In our baseline analysis, we construct the
MPI on the basis of actual implementation dates. However, many
macroprudential interventions, even if unexpected, are announced
several quarters in advance. Banks and the economy as a whole
might therefore react to such announcements by starting to adjust
their asset portfolios, liability structure, and general behavior well
in advance of the actual policy implementation. Thus, our results
might be biased because of a noninvertible VAR representation
(Leeper, Walker, and Yang 2013) due to the presence of announce-
ment effects that are not properly taken into account. In particular,
a VAR based on a set of observable state variables might not be
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sufficient (spanning problem) to uncover the underlying structural
shocks. In our case, this problem is most likely less of an issue
for two reasons. First, the variables in our model and the num-
ber of lags are selected to capture the systematic reactions to cur-
rent and future macroprudential policy measures. As the resulting
Cholesky shocks in the equation of the macroprudential policy indi-
cator M PI;; are white noise, we interpret them as reflecting the
unsystematic policy component. Second, Sims (2012) shows that the
potential noninvertibility problem is strongly mitigated if forward-
looking variables are included in the model. Our baseline model is
consistent with this requirement: In particular, the CLIFS indica-
tor condenses information from various fast-moving financial mar-
ket variables such as equity returns, bond yields, and stock market
volatility. Moreover, the lending spread also reflects expectations of
future developments.

To provide additional evidence addressing the importance of
announcement effects, we construct a capital-based MPI based on
announcement rather than implementation dates, hereafter denoted
by MPI". MaPPED contains the corresponding information for
approximately 70 percent of the capital-based policy actions. We
perform two robustness checks. First, we estimate the VAR by
replacing MPI with its announcement-based counterpart M PI"".
In this case, we start our sample in 2004:Q1 instead of 2005:Q1
to keep the events approximately the same. Apart from these
two changes, the model and identification scheme remain identi-
cal. The Cholesky shock to M PI;"™ is interpreted as the proxy for
the unsystematic policy component. Second, we extend the VAR
by including MPI;"" as an additional variable ordered second,
that is, after MPI. The Cholesky shock captures the unsystem-
atic part of macroprudential policy; however, in this case the sys-
tematic component of macroprudential policy explicitly controls for
announcements.

Figure 6 summarizes the impulse responses of the banks” domes-
tic government bond holdings ratio under the two specifications
including the announcement-based MPI"%™. The results are sim-
ilar to those obtained previously. This indicates that each of
the specifications satisfies roughly the same shock as a proxy
for the unsystematic component of capital-based macroprudential

policy.
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Figure 6. Macroprudential Policy Announcements:
Response of Domestic Government Bond Share
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Note: Median impulse responses for the respective models are depicted by the
dashed lines. The shaded areas represent the 16th and 84th percentiles of the
posterior distribution. (P) indicates impulse responses for “periphery,” (C) for
“core.” “MPI with announcement dates” refers to a VAR with six variables.
Responses are in percentage points.

The Role of MPI Subcategories. Our MPI comprises four
subcategories of capital-based macroprudential measures. One con-
cern could be that these might be heterogeneous in their effects.
Due to a limited number of regulatory changes in our sample, we
cannot look at reactions to the subcategories individually. However,
here we conduct additional analyses in order to gauge the relative
importance of the different types of capital-based macroprudential
measures. In particular, we construct three alternative macropruden-
tial policy indicators, each time omitting one measure type. Creat-
ing alternative policy indicators this way—leaving out subcategories
one-by-one instead of just using any one subcategory—leaves a suf-
ficient number of observations for each country and still allows us to
check whether one subcategory has a large influence on our results.

We reestimate the VAR model (1) for both groups of coun-
tries, however, using alternative macroprudential policy indicators.

The alternative indicators are M PI ,ixtd' risk weights 1 at is, excluding



Forthcoming Bank Capital Regulation in the Euro Area 31

Figure 7. Impulse Responses to MPI
Subcategories Shocks: Response of Banks’
Domestic Government Bond Share
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Note: The median impulse responses are depicted by the dashed lines. The
shaded areas represent the 16th and 84th percentiles of the posterior distribu-
tion. (P) indicates impulse responses for “periphery,” (C) for “core.” “Baseline”
refers to the baseline VAR described in Section 3.1 of the paper. “MPI excl. risk
weights” refers to the case where changes in risk weights are excluded from the
definition of the MPI, that is, the MPIZ?‘;I‘ risk weights jo ysed. “MPI excl. cap.
buffers” refers to the case where changes in capital buffers are excluded from the
definition of the MPI, that is, the MPI:’;CI‘ cap. buffers i sed. “MPI excl. min.
cap. req.” refers to the case where changes in minimum capital requirements are
excluded from the definition of the MPI, that is, the M P[Z’ffl‘ min. ¢ap- req- g yised.

excl. cap. buffers

adjustments in risk weights; M PI, , that is, excluding

excl. min. cap. req.

changes in capital buffers; and M PI kot , that is, exclud-
ing changes in minimum capital requirements (see Table 1). The
definition of these alternative policy indicators is akin to an agnos-
tic but extreme weighting scheme according to which one particular
measure type receives a zero weight while the remaining types are
assigned a positive weight.

The associated reactions of the share of domestic government
bonds in banks’ portfolios for each country group are shown in Figure
7 together with the baseline impulse responses. As can be seen, our
results are qualitatively robust to omitting certain types of measures
from the definition of the macroprudential policy indicator. Thus, we
conclude that our results are not driven by a particular capital-based
macroprudential policy measure.
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6.2 Controlling for Monetary Policy

Several studies have shown that certain monetary policy
interventions—especially unconventional ones—might incentivize
banks in some euro-area countries to hold more domestic public
debt P4 In light of this evidence, we extend our baseline VAR by indi-
cators of unconventional monetary policy. First, following Gamba-
corta, Hofmann, and Peersman (2014), Boeckx, Dossche, and Peers-
man (2017), and Hristov, Hiilsewig, and Scharler (2021), we include
the volume of total assets of each country’s national central bank
(NCB). However, some unconventional interventions conducted by
the ECB over the period since 2007, like forward guidance or the
announcement of the Outright Monetary Transactions (OMT) pro-
gram, do not directly involve balance sheet changes and might thus
be insufficiently reflected in the NCBs’ total assets. Therefore, in a
second robustness check, we replace the NCBs’ total assets with the
shadow rate constructed by Krippner (2013). The shadow rate is
derived from a term structure model and attempts to proxy the true
stance of monetary policy in times when conventional monetary pol-
icy is constrained by the zero lower bound and nonstandard measures
of monetary policy are adopted, irrespective of whether they directly
affect the Eurosystem’s balance sheets. Absent unconventional inter-
ventions, the shadow rate closely follows the EURIBOR, thus also
capturing conventional monetary policy.

Figure 8 shows the impulse response of banks’ share of domestic
government bonds to a sudden tightening of capital-based macro-
prudential policy for both country groups, under both indicators of
monetary policy. As can be seen, the banks’ reaction is virtually
the same as that derived from our baseline VAR. Furthermore, the
volume of NCBs’ total assets rises while the shadow rate declines in
response to the shock. This most likely reflects the central bank’s
attempt to counteract the increase in financial stress (and the credit
spread in the core countries), in order to reduce the potentially
associated deflationary and recessionary risks 29

24Gee, for example, Acharya and Steffen (2015), Drechsler et al. (2016),
Carpinelli and Crosignani (2021), or Hristov, Hiillsewig, and Scharler (2021).

25These results are robust to simultaneously including both the shadow rate
and the NBCs’ total assets in a seven-variable VAR system. The results are
available upon request.
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Figure 8. Extended Panel VAR Models:
Unconventional Monetary Policy

A. Peripheral Countries
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Note: Impulse responses are derived from VAR systems comprising six variables.
The figure shows the responses of the variables that are added to the baseline
model one-by-one (bottom row), as well as the associated reaction of the domestic
government bond share (top row). The first column depicts the impulse response
of the domestic government bond share from the baseline model for reference.
Median impulse responses are depicted by the dashed lines. The shaded areas
represent the 16th and 84th percentiles of the posterior distribution. The response
of NCB total assets is in percent, while the responses of all other variables are in
percentage points.
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6.3 Choice of Financial Indicators

Alternative Credit-to-GDP Measures. In our VAR model, we
include the Basel gap, that is, the credit-to GDP gap, as an indicator
of excessive, potentially unsustainable, credit expansion. The Basel
gap is calculated as the deviation of the credit-to-GDP ratio from
its Hodrick-Prescott filter trend (Drehmann, Borio, and Tsatsaronis
2011). However, Hamilton and Leff (2020) suggest two alternative
approaches to calculate the credit-to-GDP gap, which may produce
more reliable indicators measuring threats to financial stability.

Therefore, we reestimate our VAR model for both groups of coun-
tries in which we use the indicators of Hamilton and Leff (2020)
instead of the Basel gap. The first indicator, denoted by HLI, corre-
sponds to the residual from the following expanding sample regres-
sion on the credit-to-GDP ratio z; j for each country k

2tk = Boyi + B1kzt—20,k + B2,k 2t —21,k + 03,62t —22,k + B4,k 2t—23k + Gt(k),

4
fort =1,2,...T). The second indicator, termed HL2, corresponds to
the five-year growth rate of the credit-to-GDP ratio. We find that
the Basel gap is highly correlated with both Hamilton-Leff gaps. The
correlation coefficients, pooled across time and all countries in our
sample, are 0.59 and 0.91 for HL1 and HLZ2, respectively.

For both country groups, Figure 9 displays the impulse responses
of the banks’ domestic sovereign bond ratio and the corresponding
Hamilton-Leff gaps to a restrictive macroprudential capital regula-
tion shock. We observe that our main findings are confirmed both
qualitatively and quantitatively. Furthermore, both Hamilton-Leff
gaps HL1 and HL2 decline significantly in response to the shock.
The choice of the credit-to-GDP gap measure thus does not seem to
affect our results.

Adding Additional Financial Indicators. Next, we estimate
extended versions of our panel VAR model, each including one of the
following additional variables: real estate prices, that is, nominal

26Note that as suggested in Hamilton and Leff (2020), we use an expanding
sample on quarterly data from 1985, allowing for sufficient degrees of freedom for
the estimation of the five § coefficients even for the gap measures early in our
sample starting in 2005.
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Figure 9. Using Alternative Measures
of the Credit-to-GDP Gap

A. Peripheral Countries
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Note: The median impulse responses are depicted by the dashed lines. The
shaded areas represent the 16th and 84th percentiles of the posterior distrib-
ution. The first column shows impulse responses of the baseline model including
the Basel gap, denoted by BL. The second column shows the impulse responses
derived from the model including the credit-to-GDP gap suggested by Hamilton
and Leff (2020) based on expanding sample regressions, HLI. The third column
shows the impulse responses derived from the model including the gap measure
based on the five-year growth rate of the credit-to-GDP ratio, HL2.
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house prices deflated by the GDP deflator; the bank stock mar-
ket price index; the 10-year government bond yield; credit default
swaps (CDS) spreads for sovereign debt; and the level of lending
rates. These variables are potentially relevant for macroprudential
policy, as they might signal the buildup of vulnerabilities in the real
estate sector or imminent tensions in capital or credit markets.

Figure 10 displays the results for the two country groups. The
bottom row shows the responses of the additional variables, while
the top row depicts the corresponding reaction of banks’ domestic
government bond share to unsystematic changes in macroprudential
policy. House prices increase in the core but fall in the periphery. The
government bond yield, lending rates, and CDS spreads decline sig-
nificantly after the macroprudential tightening. This could be due
to some signaling effect of more stable financial markets provided
by the macroprudential intervention, or is likely the effect of some
comovement of monetary policy Finally, the decline in the stock
market price index for banks might reflect a lower expected return
on equity due to the potential leverage decline induced by the reg-
ulatory tightening. The responses of the domestic government bond
share in all of these specifications are again similar to those reported
previously.

6.4 Alternative Sample Periods

Our analysis focuses on the period from 2005:Q1 to 2018:Q4 due
to the observation that most of the capital-based macroprudential
policy measures were initiated during this period. Nevertheless, it is
interesting to examine whether our results also hold for alternative
sample periods. For this purpose, we reestimated the baseline model
for two alternative samples, that is, 1999:Q1 to 2018:Q4 and 2007:Q1
to 2018:Q4. While the first sample relates to the beginning of the
euro area, the second sample covers the period since the start of the
Global Financial Crisis. Figure 11 summarizes the results, which are
not qualitatively affected by the choice of the sample period.

2"Note that the decrease in government bond yields almost vanishes in the
medium term in the periphery, just when the effect on the nexus, as indicated by
the domestic government bond share, peaks.
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Figure 10. Extended Panel VAR
Models: Additional Variables

A. Peripheral Countries
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Note: Impulse responses are derived from VAR systems comprising six variables.
The figure shows the responses of the variables that are added to the baseline
model one-by-one (bottom row), as well as the associated reaction of the domes-
tic government bond share (top row). Median impulse responses are depicted by
the dashed lines. The shaded areas represent the 16th and 84th percentiles of the
posterior distribution. The response of real house prices and bank equity index
are in percent, while the responses of all other variables are in percentage points.

7. Conclusion

Euro-area countries made significant efforts to improve their regu-
latory framework in the aftermath of the Global Financial Crisis.
The aim was to strengthen banks’ resilience by imposing regula-
tory reforms. However, concerns have been raised that capital-based



Forthcoming

International Journal of Central Banking

38

‘squtod o8ejuodrad

ur ore sesuodsay 0100, 10] (D) ‘Areydired, 10j sesuodser asyndwil segedrpul (J) WONNALISIP Iot1eysod a1y Jo so[puediad
U8 Pue YI9T oy} jussordal seare papeys o], 'soul] paysep a9y} Aq pojordep ore sesuodser esndwil ueIpawW Oy, :930N

slapenpd
0c Sl 0] S 0

() 8102-200¢2 o1dwes

0c ¢ Ol S 0

(d) 81.02-2002 @1dwes

[eAISul %89

L0-

G0°0-

L0

co

€0

UBIPON — — —
siauend siapenp
0c Sl oL S 0 02 Sl (0] g 0
L'0- L'0-
G0'0- G0'0-
— - 17 7
_ _L-rs e 4
= 0 0
(D) 8102-666 @|dwes (D) auijeseg
02 Sl 0] 8 S 0 02 Sl (0] g 0
7 0 — 0
- b
il N L~ 10
L ——
7
-~
R 20 20
€0 €0
(d) 8102-666 I @|dwes (d) suijeseg

aqeyS puog JUSWUIIAOL) dI)souIo(] Jo asuodsay :sporog ojdures aAIyeuId)[y °‘IT 2InSi g



Forthcoming Bank Capital Regulation in the Euro Area 39

macroprudential instruments, that is, those related to bank capi-
tal regulation, could have the unintended side effect of intensify-
ing the sovereign-bank nexus, thus potentially undermining financial
stability.

Using panel VAR models, we investigate how euro-area banks’
incentives to increase their exposure to domestic sovereign debt are
affected by shocks to capital-based macroprudential policy measures.
We refer to the Macroprudential Policy Evaluation Database to con-
struct a macroprudential policy indicator. Our findings suggest that
banks in peripheral countries increase their domestic government
bond holdings relative to total assets in response to an unsystem-
atic macroprudential policy tightening. Thus, stricter capital-based
macroprudential policy measures seem to strengthen the sovereign-
bank nexus. In contrast, banks in core countries decrease their gov-
ernment bond holdings to total assets following a restrictive shock.
Estimating state-dependent impulse responses suggests that our
results can be explained by the differences in capital positions across
the country groups. The findings are robust to various alternative
model specifications.

Macroprudential capital regulation is a successful instrument for
increasing the loss-absorption capacity of the financial system, thus
counteracting the buildup of systemic risk. However, our results
suggest that in parts of the EMU, shifts in the unsystematic part
of capital-based policy might increase banks’ exposure to sovereign
debt, which poses a risk to financial stability by strengthening the
sovereign-bank nexus.

Appendix A. Data

Bank for International Settlements:

e Credit-to-GDP gap in percent, quarterly frequency,
W:*x:P:A:C]

e Nominal house prices, index:
0 N:608

ECB Statistical Data Warehouse:


Q:**:P:A:C
Q:**:N:628

40

International Journal of Central Banking Forthcoming

e MFIs’ holdings of domestic government bonds, outstanding
amount (stock) in millions of euro, monthly frequency,
BOL M. *x N A A30 A, 1.U6.2100, EUR. E
This series was converted to quarterly end-of-period values
based on the monthly observations.
Total assets of a country’s MFIs, outstanding amount (stock)
in millions of euro, monthly frequency,
BOL M. *x N A TOO . A.1.725.0000,2071 F
This series was converted to quarterly end-of-period values
based on the monthly observations.
MFI loan volume corresponds to the sum of loans to house-
holds for house purchase and NFC loans:

1. MFI volume of loans to households for house purchase,

monthly frequency, end-of-period stock,

Bl . M. *x N A A20.A.1.U6.2250.201  F
2. MFT volume of loans nonfinancial corporations (NFCs),
monthly frequency, end-of-period stock,
Bol . M. *x N A A20.A.1.U6.2240./401 . F
These series were converted to quarterly end-of-period values
based on the monthly observations.
Lending spreads are computed as the difference between aver-
age loan rates and the EURIBOR. The average loan rate cor-
responds to the weighted average over the lending rates on
loans for house purchase and on NFC loans. The weights cor-
respond to the respective share of loans for house purchase
and of NFC loans in total loans.
1. Lending rate on loans to households for house purchase,
new business, monthly frequency,
MIR. M, *x B A2C A R.A 22050, EUR. NI

2. Lending rate on loans to NFCs, new business, monthly
frequency,
MIR. M, *x B AQA A R.A 2240, EUR. NI

3. Three-month EURIBOR, monthly frequency, average,
FM. M. U2.EUR.RT.MM.EURTBOR3MD .HSTA|
These series were converted to quarterly averages based on
the monthly observations.

e Financial stress indicator, monthly frequency,

Y /] DX


BSI.M.**.N.A.A30.A.1.U6.2100.EUR.E
BSI.M.**.N.A.T00.A.1.Z5.0000.Z01.E
BSI.M.**.N.A.A20.A.1.U6.2250.Z01.E
BSI.M.**.N.A.A20.A.1.U6.2240.Z01.E
MIR.M.**.B.A2C.A.R.A.2250.EUR.N
MIR.M.**.B.A2A.A.R.A.2240.EUR.N
FM.M.U2.EUR.RT.MM.EURIBOR3MD_.HSTA
CLIFS.M.**._Z.4F.EC.CLIFS_CI.IDX
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This series was converted to quarterly averages based on
monthly values.

e Banks’ capital and reserves (banks’ equity), outstanding
amount, monthly frequency, end-of-period stocks,

BOIl M. *xx N, A T60.X.1.725.0000.2071, F

This series was converted to quarterly end-of-period values
based on the monthly observations.

e MFIs’ holdings of government bonds issued by other EMU
countries, outstanding amount (stock) in millions of euro,
monthly frequency,

Bl . M. *x N A AS0.A.1.U5.2100,.EUR . E
This series was converted to quarterly end-of-period values
based on the monthly observations.
e Sovereign bond rate, monthly frequency,
IRO.M. *x [, 1,40.CI.0000.EUR.N. Z

This is converted to quarterly data using monthly averages.
e Gross domestic product at market prices, deflator, index,
Rk,

e National central banks’ total assets, outstanding amounts
at the end of the period (stocks), millions of euro, monthly
frequency,

Bol M. x* N.N.TOO.A.1.45.0000.Z01 .k
This series was converted to quarterly end-of-period values
based on the monthly observations.

Refinitiv-Datastream:

e Stock market index, sectoral subindex for “Banks,”

This is converted to quarterly data using monthly averages.
o Credit default swaps, five-year government bonds,

kGOl ACH

This is converted to quarterly data using monthly averages.

Shadow short rate:

e Leo Krippner’s shadow short rate is taken from https://www.
ljkmfa.com/.


BSI.M.**.N.A.L60.X.1.Z5.0000.Z01.E
BSI.M.**.N.A.A30.A.1.U5.2100.EUR.E
IRS.M.**.L.L40.CI.0000.EUR.N.Z
MNA.Q.Y.**.W2.S1.S1.B.B1GQ._Z._Z._Z.IX.D.N
BSI.M.**.N.N.T00.A.1.Z5.0000.Z01.E
BANKS**
**G5EAC
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The set of countries comprises Austria (AT), Belgium (BE), Ger-
many (DE), Spain (ES), Finland (FI), France (FR), Ireland (IE),
Italy (IT), the Netherlands (NL), and Portugal (PT). In the series’
codes ** is a placeholder for the respective country acronym.

Appendix B. Additional Robustness Checks

This appendix provides additional robustness checks of our model.
Section B.1 provides technical checks for Cholesky orderings, treat-
ment of the MPI, additional controls, and lag length, while Section
B.2 shows robustness for macroprudential indicators derived from
alternative data sources.

B.1  Further Robustness Checks: Identification, Detrending
the MPI, Adding Macroeconomic Controls, and Lag
Structure

Identification. The assessment of robustness to alternative
Cholesky orderings of the VAR is performed in many studies, such
as Bloom (2009), Baker, Bloom, and Davis (2016), and Meinen and
Roehe (2017) in the context of uncertainty shocks, or by Kim and
Mehrotra (2017, 2018, 2022) or Bachmann and Rueth (2020) in the
context of shocks to macroprudential policy. Following these stud-
ies, we replace the baseline structural shock identification scheme
described in Section 3.3 with two alternative recursive orderings.
The first assumes that MPI is ordered after the credit-to-GDP
gap and banks’ domestic sovereign bond share but before the CLIF'S
and the interest spread. Thus, the latter two variables are allowed to
respond immediately to a macroprudential policy shock, whereas the
former two variables respond with a delay. Hence, MPI is no longer
the slowest-moving variable in the model, as it can react immedi-
ately to innovations in the equations for the credit-to-GDP gap and
domestic government bond holdings ratio. The second alternative
ordering assumes that MPI is ordered last. Accordingly, the macro-
prudential policy shock affects only the indicator itself, while the
remaining variables start to react in the following quarter. The two
alternative orderings assume a high degree of short-run flexibility
to macroprudential policy, as it can react to some or all exoge-
nous shocks within a quarter. However, as discussed in Section 3.3,
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Figure B.1. Alternative Cholesky Orderings:
Response of Domestic Government Bond Share
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Note: Median impulse responses are depicted by the dashed lines. The shaded
areas represent the 16th and 84th percentiles of the posterior distribution. (P)
indicates impulse responses for “periphery,” (C) for “core.” Responses are in
percentage points.

the empirical evidence and historical experience favors our baseline
Cholesky ordering.

Figure B.1 reports the reaction of banks’ share of domestic gov-
ernment bonds under the baseline alongside the two alternative
Cholesky orderings. As can be seen, variations in the recursive iden-
tification scheme leave our main result qualitatively unchanged.

The finding that our results are robust to different Cholesky
orderings indicates that the error term in the MPI equation, while
controlling for the lags of the endogenous variables in the model, is
(close to) orthogonal to the other structural shocks potentially hit-
ting the system (Sims 1981; Liitkepohl 1999). This is reassuring, as
it indicates that the residual in the MPI equation in (1) is unlikely
to be a linear combination of structural shocks other than the MPI
shock itself.

Detrending and Differencing the MPI. The cumulative
macroprudential policy indicator M PIj; is an upward-trending
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variable. To test whether this drives our results, we implement two
additional robustness checks. First, a country-specific linear trend
is removed from the cumulative macroprudential policy indicator
MPI; and the resulting deviation from trend enters the VAR
instead of the cumulative M P}, ;. Second, we estimate a version of
the VAR in which each variable except the lending spread enters as a
first difference relative to the previous quarter. Note that such differ-
encing might appear warranted since for the sample under considera-
tion, the model variables—apart from the lending spread—are highly
persistent, exhibiting a (close to) unit-root behavior P Note further
that the first difference of the AMPI,, = MPIys — MPIy ;4
corresponds to the policy change PolChange: in country k and
period t.

The reaction of the share of domestic government bonds in banks’
portfolios for each of the two robustness checks are shown in Figure
B.2. It turns out that our baseline findings are confirmed, i.e., in the
periphery economies, there is a significant shift toward higher expo-
sure to domestic government debt while the opposite happens in the
core. As expected, when the model variables are in first differences,
the impulse responses are much less persistent, being insignificant
at horizons larger than 10 quarters (see third column in Figure B.2).
Nevertheless, we observe a short-lived but significant increase in
banks’ domestic-government-bond share in the periphery economies.
The corresponding reaction in the core of the EMU has the opposite
sign. For the sake of a better comparability, the rightmost column
of Figure B.2 shows the cumulative impulse responses based on the
estimates in first differences shown in the third column of the figure.

Adding Additional Macroeconomic Control Variables.
One might suspect that our VAR system, which focuses on vari-
ables central to a macroprudential regulator’s information set, could
yield different results if it includes a broader set of macroeonomic
variables. Here we investigate this point. In particular, we run a
VAR containing seven endogenous variables, that is, apart from the
five variables of our baseline the model also includes the log of real
GDP as a measure of real activity and the log of the GDP deflator
as a proxy for nominal price developments. More precisely, the seven

28The results are qualitatively and quantitatively almost identical if the lending
spread is also first-differenced.
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Figure B.2. Detrended MPI and Model in
First Differences: Response of Banks’
Domestic Government Bond Share
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Note: The median impulse responses are depicted by the dashed lines. The
shaded areas represent the 16th and 84th percentiles of the posterior distrib-
ution. (P) indicates impulse responses for “periphery,” (C) for “core.” “Baseline”
refers to the baseline VAR described in Section 3.1 of the paper. “MPI detrended”
refers to the case where the macroprudential policy indicator M Pl ; is linearly
detrended, thus entering the VAR as a deviation from its linear trend. “First diff.”
refers to the model estimated in first differences, that is, each variable except the
lending spread is first-differenced. “Cum. first diff.” shows the cumulative impulse
response corresponding to the response shown in column 3, “First diff.”

variables are (i) the capital-based MPI, (ii) the credit-to-GDP gap,
(iii) the lending spread, (iv) the financial stress indicator, (v) the
domestic government bond share in banks’ portfolios, (vi) the log of
real GDP, and (vii) the log of the GDP deflator. The MPI is again
ordered first and the lag order is again set to four.

The impulse responses of banks’ domestic government bond share
to an unsystematic macroprudential tightening for the two country
groups are shown in Figure B.3. As can be seen, our baseline results
are robust in this alternative specification: in the peripheral coun-
tries, banks react by significantly increasing the fraction of domestic
sovereign bonds in their portfolios. By contrast, in the core countries
the opposite holds true.

Lags. Moreover, our results are qualitatively unchanged if the
panel VAR model is estimated with between two and six lags instead
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Figure B.3. Seven-Variable VAR (including the log of
GDP and the log of the GDP deflator): Response of
Banks’ Domestic Government Bond Share
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Note: Median impulse responses for the respective models are depicted by the
dashed lines. The shaded areas represent the 16th and 84th percentiles of the
posterior distribution. (P) indicates impulse responses for “periphery,” (C) for
“core.” “Baseline” refers to the baseline VAR described in Section 3.1 of the
paper. “Add. controls” refers to the case where two additional endogenous vari-
ables, the log of real GDP and the log of the GDP deflator, are included in the
VAR.

of four. In Figure B.4, the second and third columns summarize the
results 2

B.2  Alternative Macroprudential Policy Indicators
Adjusted for Basel III and from the IMF

Next, we assess the robustness of our findings with regard to the
macroprudential policy indicator. First, we construct two alterna-
tive policy indicators based on MaPPED in which we adjust for

2Impulse responses for the case of three and five lags are very similar to the
ones shown.
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Figure B.4. Alternative Lag Structures:
Response of Domestic Government Bond Share
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Note: The median impulse responses are depicted by the dashed lines. The
shaded areas represent the 16th and 84th percentiles of the posterior distrib-
ution. (P) indicates impulse responses for “periphery,” (C) for “core.” Responses
are in percentage points.

cross-country inconsistencies regarding the reporting of measures
related to Basel IT1. Second, we construct an analogous capital-based
indicator based on iMaPP.

MPI Adjusted for Basel III Measures. The third install-
ment of the Basel Accords, better known as Basel 11, was agreed
upon by the members of the Basel Committee on Banking Super-
vision in November 2010. The accord was developed in response to
the regulatory deficiencies revealed by the Global Financial Crisis of
2007-08 and aimed at strengthening the resilience of the banking sys-
tem by tightening capital requirements and increasing bank liquidity.
Countries committed to adopting Basel III were expected to trans-
late the accord into national law within a certain period of time 9
In the EU, countries had to impose new regulatory requirements

30See BCBS (2011, 2012) and https://www.bis.org/bcbs/basel3/b3_trans_arr_
1728.pdf.
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by gradually tightening them during a prespecified phase-in period
until the final level was reached. Countries were allowed to shorten
the phase-in period or impose more stringent final regulations, but
not the opposite.

However, although Basel III regulations apply equally to all EU
member states, their appearance in MaPPED is rather heteroge-
neous and inconsistent across countries. In particular, there is con-
siderable variation in the way national authorities have reported
the activation and subsequent adjustments of the (i) minimum com-
mon equity tier 1 capital ratio (CET1), (ii) minimum tier 1 capital
ratio, (iii) capital conservation buffer (CCoB), and additional capi-
tal requirements for (iv) global systemically important institutions
(G-SIIs) as well as for (v) other systemically important institutions
(O—SHS) For example, several national authorities do not report
some of these measures, while others only report a single macro-
prudential tightening on the date when the corresponding measure
reached its final level and was thus fully phased in. Finally, a set of
countries explicitly report each of the stepwise tightening measures
along with the phase-in path for some of the aforementioned Basel
III measures.

To cope with this heterogeneity, we construct two adjusted
macroprudential policy indicators. In the first, termed MPIstePvise,
we assume that each tightening step along the envisaged phase-in
of the corresponding measure should be reflected by an entry of
+1 in the discretely coded indicator. National MPIs are adjusted
accordingly in the case where a country reports the particular Basel
IIT measure differently, i.e., did not report it at all or reported
it only as a single tightening. The cases in which a country offi-
cially announced and implemented a faster phase-in for a particu-
lar measure are accounted for. The changes were verified based on
macroprudential notifications collected and published by the

31The Basel III Accord prescribes the following regulatory adjustments: the
minimum common equity tier 1 capital ratio (CET1) to be set to 3.5 percent in
2013:QQ2 and raised to 4.5 percent in 2015:Q1, the minimum tier 1 capital ratio
to be set to 4.5 percent in 2013:Q2 and raised to 6.0 percent in 2015:Q1, the
capital conservation buffer (CCoB) to be set at 0.625 percent in 2016:Q1 and
raised to 2.5 percent in 2019:Q1, and the G-SII and O-SII buffers to be activated
in 2016:Q1 and increased until 2019:Q1 by a constant bucket-specific increment
each year.
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Figure B.5. Alternative Macroprudential
Indicators (Basel III and iMaPP): Response
of Domestic Government Bond Share
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Note: Median impulse responses for the respective models are depicted by the
dashed lines. The shaded areas represent the 16th and 84th percentiles of the
posterior distribution. (P) indicates impulse responses for “periphery,” (C) for
“core.” “One-time MPI” and “Stepwise MPI” represent capital-based policy indi-
cators with adjustments for the phase-in of Basel III measures. “iMaPP MPI” is
a capital-based policy indicator derived from iMaPP. Responses are in percentage
points. Note that the y-axis for “iMaPP” differs in scaling from the other y-axes
in the bottom row.

ESRBP? In the second, termed M PI°"*tme e replace each of
the aforementioned phased-in measures with a single tightening in
the quarter in which the first step of the corresponding measure was
activated (for details on the precise adjustments for M PI5tPVise and
M Prere-time see Appendix C).

Figure B.5 summarizes the impulse responses of banks’ domes-
tic government bond holdings ratio to an innovation in each of the
two alternative indicators. Overall, the reaction to both alternative
shocks is quite similar to our baseline. However, regarding the tim-
ing of the response of the government bond holdings ratio to the
alternative shocks, it appears that the increase in the ratio occurs
more swiftly, that is, the ratio begins to rise with the impact of
both shocks. The quantitative effects on peripheral banks’ sovereign

32See https://www.esrb.europa.eu/national_policy /shared /pdf/esrb.measures_
overview_macroprudential_measures.xlsx?b4d0d267f4fe73eaecal caa84e946109.
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exposures are also larger for the one-time indicator, i.e., we observe
a maximum increase of 14 percent instead of 11 percent of the share.

MPI Based on iMaPP. Finally, we construct a dummy-type
capital-based MPI based on iMaPP covering the categories Counter-
cyclical buffers (C1.CCB), Conservation buffers (C2.Conservation),
Minimum requirements and risk weights (C3.Capital), Leverage
requirements (C4.LVR), and Loan-loss provisioning (C5.LLP). In
contrast to MaPPED, iMaPP has a more limited coverage of capital-
based measures in the EMU for the period before 2011. In addi-
tion, in some cases there are differences in how the two databases
characterize measures. For example, sometimes a policy action is
described as “with ambiguous impact” in one database while being
characterized as a “tightening” in the other. Since a harmonization
of iMaPP and MaPPED is beyond the scope of our analysis, we
take such differences as given. Figure B.5 shows the reaction of the
banks’ government bond holdings ratio to a shock to the capital-
based iMaPP indicator. The impulse responses deliver a qualita-
tively similar pattern as reported beforel>q While for core countries
the response of the domestic government bond share is slower but
more persistent, it is both qualitatively and quantitatively similar
for the periphery.

Appendix C. Alternative Macroprudential Policy
Indicators

We construct two alternative manually adjusted macroprudential
policy indices based on MaPPED as follows:

MPIStePWise:

e Minimum Common Equity Tier 1 Capital Ratio (CET1):
insert a tightening in 2013:Q2 for AT, DE, ES, FI, FR, IE,

33Note that in a series of additional exercises, we found that our results also
hold when estimating the VAR with the iMaPP-based MPI over the periods 1999
to 2018 and 2007 to 2018. The results are not reported here, but are available
upon request.
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IT, NL, PT; insert a tightening in 2014:Q1 for AT, DE, ES,
pPTE4

e Minimum Tier 1 Capital Ratio: insert a tightening in 2013:Q2
for AT, DE, ES, FI, FR, IE, IT, NL, PT; insert a tightening
in 2014:Q1 for AT, DE, ES

e Capital Conservation Buffer (CCoB): insert tightening in
2016:Q1, 2017:Q1, 2018:Q1, and 2019:Q1 for AT, BE, DE,
FR, ES, IE, NL, PT P9

e G-SII Buffer: insert tightening in 2016:Q1, 2017:Q1, 2018:Q1,
2019:Q1 for AT, BE, DE, FI, FR, ES, IE, and NL.

e O-SII Buffer: insert tightening in 2016:Q1, 2017:Q1, 2018:Q1,
2019:Q1 for AT, BE, DE, FR, ES, IE, IT, PT; insert tightening
in 2017:Q1, 2018:Q1, and 2019:Q1 for FI.

MPIone—time:

e Minimum Common Equity Tier 1 Capital Ratio (CET1):
remove tightening in 2015:Q1 for AT, BE, DE, ES, FR, IE;
remove tightening in 2014:Q1 for BE, FR, IE; insert tightening
in 2013:Q2 for AT, DE, ES, FR, IE.

e Minimum Tier 1 Capital Ratio: remove tightening in 2015:Q1
for AT, BE, DE, ES, FR, IE; remove tightening in 2014:Q1
for BE; insert tightening in 2013:Q2 for AT, DE, ES.

e Capital Conservation Buffer (CCoB): insert a tightening in
2016:Q1 for AT, BE, DE, ES, FR, IE, NL, PT.

e G-SIT Buffer: remove tightening in 2017:Q1, 2018:Q1, and
2019:Q1 for IT; insert a tightening in 2016:Q1 for AT, BE,
DE, FI, FR, ES, and NL.

o O-SII Buffer: FI is left unchanged; remove tightening in
2017:Q1, 2018:Q1, 2019:Q1 for NL; insert a tightening in
2016:Q1 for AT, BE, DE, FR, ES, IE, IT, PT.

34In FI, IT, and NL the CET1 was phased in at a faster pace and was fully
implemented in 2014:Q1.

35In FI, IT, NL, and PT, the minimum tier 1 capital ratio was phased in at a
faster pace and was fully implemented in 2014:Q1.

36Tn IT the CCoB was fully implemented via a single tightening step in 2014:Q1.
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